A model of martensitic phase transitions is presented that is capable of accounting for a variety of surface effects associated with the localized interaction of coexisting phases of a material. Such phenomena are thought to play a critical role in determining the size, shape and stability of nucleated embryos as well as to affect the conditions under which nucleation occurs. Attention is restricted to transitions that are mechanically induced, and the model does not account for temperature effects. Materials that undergo martensitic phase changes are modeled as hyperelastic in both the bulk and the interface. The characterization of such bodies is examined in detail, and a representation theorem is presented for isotropic, hyperelastic interfaces in terms of two scalar invariants associated with the deformation of the interface.
Introduction
A subject of continuing interest in both the mechanics and materials science communities is non-diffusive phase transitions that involve two solid phases of a material separated by a sharp, coherent interface. These martensitic processes are most common in Fe-C systems, but are found in Ni-Ti, Ag-Cd, Au-Cd, Cu-Zn, Cu-Zn-AI, Cu-AI-Ni, In-T! and other alloys as well [1] [2] [3] [4] [5] [6] [7] . In addition, some ceramic materials such as partially stabilized zirconia exhibit this type of phase transition [8] [9] [10] .
In recent years the materials science community has developed a wide variety of products whose working properties rely on martensitic phase transitions. These include shape-memory materials like the Nitinol and Tinel alloys [11] . Another technology based on martensitic phase transitions is that of transformation-toughened materials [8] [9] [10] .
Interest in martensitic materials has motivated a variety of theoretical investigations that help to better understand these phase transitions by modeling them from a continuum physics perspective . Here phases refer to disjoint domains of a single energy functional that characterizes the material of interest. This is in line with the intuitive picture that individual phases are just differing configurations of a single substance and provides a means of distinguishing the deformation of a given phase from a phase transition. The classical example of this type of material description is that for the Van der Waals fluid 135]. From the continuum point of view, an interface is coherent if the multiphase configuration can be described as a continuous deformation of some homogeneous reference state.
Material constitution generally imposes severe restrictions--phase segregation requirements--on the ways coherent coexistence can be accommodated.
Multiphase states can be supported only under certain conditions, and the shape of each phase is often restricted as well 134]. The interface between phases may accrete--that is, move relative to the underlying material so as to effect a transfer of mass from one phase to another. However, it is not a free boundary because of the phase segregation requirements, and certain materials may call for supplementary information regarding interface position 121-23, 26, 29, 30] .
Some continuum models do not capture certain key phenomena, known as surface effects, associated with phase transitions. These are due to the localized interaction of coexisting material phases. This interaction is particularly relevant in situations where the interface curvature is very large--as in the initial formation of a new phase embryo [41] . One such surface effect is the existence of a jump in the traction exerted on either side of an interface within a statics setting. In fluids, for example, the pressure inside a vapor bubble is higher than that of the surrounding liquid, but in solids it is reasonable to think that interfaces may resist shear as well, since this is a characteristic of the bulk phases on either side of the interface.
A second important effect attributable to interface properties is the occurrence of supercritical phenomena l"36-40]. Conditions capable of initiating a phase change with planar interface geometry cannot produce a phase embryo with a highly curved boundary. For example, a phase change might not occur until the body is superheated above its normal transition temperature. Likewise, for mechanically induced reactions, a body may require straining beyond the level known to induce phase changes when inhomogeneities allow the formation of low curvature interfaces. The symmetry properties associated with an interface influence the shape of a phase embryo, and this is especially true when the nucleus is so small that bulk effects do not dominate [41, 42] . The surface properties of an interface can thus play an important role in the determination of embryo shape.
A final surface effect pertains to the stability of newly formed nuclei which may depend upon the embryo size as well as on conditions at the system boundary. This behaviour, and often the existence of such equilibria themselves, are attributable to localized properties at phase interfaces 1-38-40].
Continuum treatments of phase transitions may be modified to account for these important surface effects. Interface properties are modeled by fields defined on the interface itself, which are collectively referred to as interfacial
